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© A steel material for induction-hardened shaft parts which is prevented from causing hardening crack and has 
an excellent torsional strength of 160 kgf/mm 2 or above, and a shaft part made therefrom. The steel material 
comprises: 0.35-0.70 % of carbon, over 0.15 to 2.5 % of silicon, 0.2-1.5 % of manganese, 0.20-1.5 % of 
chromium, 0.05-0.5 % of molybdenum, 0.015-0.05 % of aluminum, 0.002-0.02 % of nitrogen, and reduced 
amounts of phosphorus, copper and oxygen, and, occasionally, specified amounts of titanium, boron and other 
element(s). The shaft part is made from this material and has a mean sectional hardness HVa of 560 or above, 
and/or an austenite grain size of the induction-hardened layer of No. 9 or above, and/or a surface residual stress 



00 of -80 kgf/mm 2 or below. 
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TECHNICAL FIELD 

The present invention relates to a steel product for an induction-hardened shaft component and a shaft 
component using the steel product. More particularly, the present invention relates to a steel product 
5 suitable for a shaft component, constituting a power train system in an automobile, such as a shaft provided 
with splines, a shaft provided with a flange and a shaft provided with a casing as shown in Figs. 1(a) to 1(c), 
and an induction-hardened shaft component having excellent torsional strength. In Figs. 1 (a) to 1(c), 
numeral 10 designates a shaft, numerals 11, 12 designate serrations, numerals 20, 21 designate shafts, 
numeral 22 designates a flange, numerals 30, 31, 32 designates shafts and numeral 33 designates a casing. 

10 

PRIOR ART 

Shaft components constituting a power train systems in automobiles have been generally been 
produced by forming a medium carbon steel into a desired component and then subjecting the components 
75 to induction hardening and tempering. In recent years, however, there has been a strong demand for an 
increase in strength (an improvement in torsional strength) due to the increase in engine output of 
automobile engines and to cope with environmental regulations. 

Japanese Examined Patent Publication (Kokoku) No. 63-62571 discloses a process for producing a 
drive shaft comprising the steps of: forming a steel comprising C: 0.30 to 0.38%, Mn: 0.6 to 1.5%, B: 
20 0.0005 to 0.0030%, Ti: 0.01 to 0.04% and Al: 0.01 to 0.04% into a drive shaft and subjecting the drive shaft 
to induction hardening in such a manner that the ratio of the induction hardening depth to the radius of the 
steel member is not less than 0.4. As can be seen from Fig. 1 of the same publication, the maximum 
attainable torsional strength is about 160 kgf/mm 2 . 

Japanese Unexamined Patent Publication (Kokai) No. 4-218641 discloses that the use of a steel product 
25 for a high-strength shaft component produced using a particular composition system characterized by low 
Si and high Mn contents, i.e., comprising Si: not more than 0.05% and Mn: between 0.65% and 1.7%, 
enables a torsional strength of 140 to 160 kgf/mm 2 to be obtained in a component provided with a spline. 

Thus, the maximum torsional strength attainable in the art is about 160 kgf/mm 2 . 

However, the above torsional strength level of 160 kgf/mm 2 cannot be said to be satisfactory for shaft 
30 components in power train systems for automobiles. Further, the prevention of quench crack in the course 
of the production of the components has become important. 

DISCLOSURE OF THE INVENTION 

35 An object of the present invention is to provide a steel product, for induction-hardened shaft compo- 
nents, which has a torsional strength of not less than 160 kgf/mm 2 and does not cause quench crack, and a 
shaft component using the steel product. 

The subject matter of the present invention is as follows. 

(1) A steel product for an induction-hardened shaft component, characterized by having a chemical 
40 composition comprising by weight 

C: 0.35 to 0.70%, 

Si: more than 0.15 to 2.5%, 

Mn: 0.2 to 1.5%, 

Cr: 0.20 to 1.5%, 
45 Mo: 0.05 to 0.5%, 

S: more than 0.01 to 0.15%, 

Al: 0.015 to 0.05%, and 

N: 0.002 to 0.020%, 
and further comprising P, Cu and O in amounts limited to 
so P: not more than 0.015%, 

Cu: not more than 0.05%, and 

O: not more than 0.002%, 
with the balance consisting of Fe and unavoidable impurities. 

(2) A steel product for an induction-hardened shaft component according to the above item (1), which 
55 further comprises one or more members selected from 

Nb: 0.005 to 0.1%, 
V: 0.03 to 0.5%, and 
Ti: 0.005 to 0.05%. 
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(3) A steel product for an induction-hardened shaft component, characterized by having a chemical 
composition comprising by weight 

C: 0.35 to 0.70%, 
Si: more than 0.15 to 2.5%, 
5 Mn: 0.2 to less than 0.6%, 

Cr: 0.40 to 1.5%, 
Mo: 0.05 to 0.5%, 
S: more than 0.01 to 0.15%, 
Al: 0.015 to 0.05%, 
10 Ti: 0.005 to 0.05%, 

B: 0.0005 to 0.005%, and 
N: 0.002 to 0.010%, 
and further comprising P, Cu and O in amounts limited to 
P: not more than 0.015%, 
Cu: not more than 0.05%, and 
O: not more than 0.0020%, 
with the balance consisting of Fe and unavoidable impurities. 

(4) A steel product for an induction-hardened shaft component according to the above item (3), which 
further comprises one or both of 

Nb: 0.005 to 0.1% and 
V: 0.03 to 0.5%. 

(5) A steel product for an induction-hardened shaft component according to any one of the above items 
(1 ) to (4), which further comprises 

Ni: 0.1 to 3.5%. 

(6) A steel product for an induction-hardened shaft component according to any one of the above items 
(1 ) to (5), which further comprises one or both of 

Ca: 0.0005 to 0.005% and 
Pb: 0.05 to 0.5%. 

(7) An induction-hardened shaft component according to any one of the above items (1) to (6), 
characterized in that the average in-section hardness HVa, defined by the following formula (1), is not 
less than 560: Average in-section hardness HVa: 

HVa - ( £ HV n xr n 2 xAr n )x ~ ... (1) 

n- 1 a 

wherein, when a section having a radius of a is concentrically divided in a radial direction into N rings, 
HV n is the hardness of the nth ring, r n is the radius of the nth ring and Ar„ is the space of the nth ring. 

(8) An induction-hardened shaft component according to the above item (7), characterized in that the 
grain size number of an prior-austenite in an induction-hardened layer is not less than 9. 

(9) An induction-hardened shaft component according to the above items (7) and (8), wherein the surface 
residual stress is not more than -80 kgf/mm 2 . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 (a) is a diagram showing a shaft provided with splines, Fig. 1 (b) a diagram showing a shaft 
provided with a flange, and Fig. 1 (c) a diagram showing a shaft provided with a casing; 
Fig. 2 is a diagram for explaining the definition of in-section average hardness wherein the section has 
been concentrically divided into n rings; 

Fig. 3 (a) is a diagram showing the relationship between the hardness and the distance from the surface 
in the case where, in the course of torsional deformation of a shaft component, the plastic deformation 
proceeds from the surface of the shaft component towards the inside thereof, Fig. 3 (b) is a diagram 
showing the relationship between the torque and the angle, and Fig. 3 (c) is a typical diagram showing 
the shear strain and the shear force; and 

Fig. 4 is a diagram showing the relationship between the average cross section hardness (HVa) and the 
torsional strength for various materials. 
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Best Mode for Carrying Out the Invention 

The present invention has been made as a result of research and development of a steel product 
through induction hardening, which steel product is free from the occurrence of quench crack, has a 
torsional strength of not less than 160 kgf/mrn 2 and can be used in shaft components in a power train 
system for automobiles. 

The present inventors made extensive and intensive studies with a view to realizing shaft components 
having excellent torsional strength by induction hardening and, as a result, have found the following facts. 
(1) In the case of ductile fracture, the torsional strength of the induction-hardened material improves in 
proportion to the average in-section hardness as defined below. Extrapolation from the relationship 
between the torsional strength and the average in-section hardness shows that in order to attain an 
excellent torsional strength of not less than 160 kgf/mm 2 it is necessary for the HVa value to be not less 
than 560. 

Definition of average in-section hardness: 

The average in-section hardness is defined by the following equation: 
Average in-section hardness 



wherein, when a section having a radius of a is concentrically divided in a radial direction into N rings as 
shown in Fig. 2, HV n is the hardness of the nth ring, r n is the radius of the nth ring and Ar n is the width of 
the nth ring. 

The above definition was established based on the following findings. 

Fig. 3 (c) is a typical diagram showing the shear strain and the shear stress in the case where, in the 
course of torsional deformation of a shaft component, the plastic deformation proceeds from the surface 
of the shaft component toward the inside thereof. In the drawing, a solid line represents a shear strain 
distribution, a thick solid line represents a shear stress distribution, and a dotted line represents a shear 
yield stress distribution. When the torque is ® , at the surface, the shear stress r reaches the shear yield 
stress ry of the-steel product, starting plastic deformation. When the torsional deformation proceeds until 
the torque reaches ©, the plastic deformation proceeds toward the inside of the material while causing 
work hardening (in the drawing, the difference between the dotted line and the solid line in the surface 
layer portion corresponding to the degree of work hardening). In the drawing, the alternate long and short 
dash line represents an imaginary shear stress distribution curve under the assumption that no plastic 
deformation occurs. Further, in Fig. 3 (b), when the torque is © slightly over the value at which the 
torsional fracture occurs, the plastic deformation proceeds to the vicinity of the center portion. 

The torque M t for any shear stress distribution j(t) is given by the following equation (2): 



wherein a represents the radius. 

On the other hand, the apparent shear fracture stress r max assuming an elastic fracture, which is 
generally used as a measure of the torsional strength, is determined by the following equation (3): 



HVa - ( £ HV n xr n 2 xAr n )x ^ 





(2) 



max 




(3) 



wherein r,(r) represents the shear stress distribution at the time of fracture. 
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Since the steel product is a medium or high carbon martensite steel, in which the degree of work 
hardening is assumed to be small, the shear stress distribution at the time of fracture is substantially in 
agreement with the shear yield stress distribution, as is apparent from Fig. 3 (c). Therefore, the shear 
stress distribution at the time of fracture can be approximated as a function of the hardness distribution 
by T f (r) = K,-HV(r). 



4 K. 



a 3 



J^HV(r)r 2 dr ... (4) 



Here the corresponding hardness HVeq as a measure of the hardness corresponding to a material 
having even hardness is defined by the following formula (5). 

HV^ = K^HVfr )r a dr ... (5) 

For the material having uniform hardness, from HVeq = HV = constant, K2 = 3/a 3 

= J7HV(r)r 3 dr ... (6) 



20 3 

a 



From the equations (4) and (6), 
*max - Ka • HV eq (7) 

When a section having a radius a is divided into N concentric rings, the corresponding hardness HVeq 
can be approximated as follows: 

KV*q = ( f HV n • r n 2 • Ar n )x 4" ... (8) 

d - 1 a 

35 wherein HV n is the hardness of the nth ring, r n is the radius of the nth ring and Ar n is the width of the nth 

ring. This is again defined as the average in-section hardness HVa. 

Fig. 4 is a diagram showing the results obtained by determining the average hardness HVa for 

materials having various hardness distributions and arranging the torsional strength using HVa. From this 

drawing, it is apparent that there is a good correlation between the torsional strength and HVa and, in 
40 order to provide an excellent strength of not less than 160 kgf/mm 2 , it is necessary for the HVa to be not 

less than 560. 

(2) However, when the average in-section hardness is increased using a conventional material, the 
fracture mode is changed from "ductile fracture" to "brittle fracture originated from intergranular 
fracture." so that an increase in strength is saturated, or the strength is lowered. The use of a 

45 combination of the following techniques prevents the brittle fracture originated from intergranular fracture, 
thereby enabling the torsional strength to increase with increasing the average in-section hardness. The 
technique comprises; 

® An increase in Si content (to more than 1.0%) 
© Addition of a very small amount of Mo 
50 © Reduction in P, Cu and O contents 

0 Refinement of prior austenite grains by carbonitrides and MnS (addition of suitable amounts of Al 
and N, and increase in S content) 

(3) The effect of increasing the torsional strength by the prevention of brittle fracture can be further 
improved by using the following techniques in addition to the above techniques. The technique 

55 comprises; 

® Addition of Ti-B 

© Application of compression residual stress by hard shot peening treatment 
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(4) An increase in average in-section hardness in the above item (1) may cause quench crack to occur in 
the conventional material. Quench crack is prevented by taking measures as described in the above 
items (2) and (3). 
The present invention has been made based on the above findings. 
5 The present invention will now be described in more detail. 

The present invention relates to a steel product for an induction-hardened shaft component, which has 
excellent torsional strength and does not cause any quench cracking. 

At the outset, the reasons for the limitations on the above ingredient content ranges will be described. 
C is a useful element for increasing the hardness of an induction-hardened layer. However, when the C 
70 content is less than 0.35%, the hardness is unsatisfactory. On the other hand, when it exceeds 0.70%, the 
precipitation of a carbide at austenite grain boundaries becomes so significant that the grain boundary 
strength is deteriorated, lowering the brittle fracture strength and, at the same time, the making quench 
cracking is likely to occur. For the above reason, the C content is limited to between 0.35 and 0.70%. 

Si is added ® as an element for strengthening the grain boundary through the prevention of 
is precipitation of a carbide at grain boundaries of austenite and ® as a deoxidizing element. However, when 
the Si content is not more than 0.15%. the effect is unsatisfactory. On the other hand, when it exceeds 
2.5%, intergranular fracture is likely to occur. For the above reason, the Si content is limited to between 
0.15 and 2.5%. 

When B is not added, the addition of Si in an amount exceeding 1.0% renders the effect of ® 

20 particularly significant. 

Mn is added ® as an element for improving the hardenability and, at the same time, forming MnS in a 
steel, @ thereby refining austenite grains by heating in the step of induction hardening and ® improving 
the machinability. However, when the Mn content is less than 0.20%, the effect is unsatisfactory. On the 
other hand, Mn is likely to cause intergranular segregation at the austenite grain boundaries and lowers the 

25 grain boundary strength, which causes brittle fracture to become liable to occur under torsional stress, 
resulting in lowered strength. This tendency becomes particularly significant when the Mn content exceeds 
1.5%. For the above reason, the Mn content is limited to between 0.2 and 1.5%. When higher strength ( = 
grain boundary strength) is contemplated, it is desirable for the Mn content to be 0.2% to less than 0.6% 
with the hardenability being ensured using Cr and Mo. 

ao Cr serves to improve the hardenability, thereby ® increasing the hardness attained by induction 

hardening and increasing the hardening depth. When the Cr content is less than 0.20%, this effect is 
unsatisfactory. On the other hand, when it exceeds 1.50%, the effect is saturated and the toughness of the 
final product is deteriorated. For the above reason, the Cr content is limited to between 0.20 and 1.5%. 

The effect of CD becomes significant particularly when the Cr content is added in an amount of not less 

35 than 0.4%. 

Mo is added for the purpose of (T) improving the hardenability and © producing intergranular 
segregation at austenite grain boundaries to increase the grain boundary strength. However, when the Mo 
content is less than 0.05%, this effect is unsatisfactory. On the other hand, when it exceeds 0.5%, the 
intergranular embrittlement occurs. For the above reason, the Mo content is limited to between 0.05 and 
40 0.5%. 

S is added for the purpose of forming MnS in a steel, thereby refining austenite grains by heating in the 
step of induction hardening and, at the same time, improving the machinability. However, when the S 
content is less than 0.01%, the effect is unsatisfactory. On the other hand, when it exceeds 0.15%, the 
effect is saturated and, instead, the intergranular segregation occurs, resulting in intergranular embritt- 

45 lement. For the above reason, the S content is limited to more than 0.01 to 0.15%. 

Al is added © as an element which combines with N to form AIN, thereby refining austenite grains by 
heating in the step of induction hardening and © as a deoxidizing element. When the Al content is less 
than 0.015%, the effect is unsatisfactory. On the other hand, when it exceeds 0.05%, the effect is saturated 
and. rather, the toughness is deteriorated. For the above reason, the Al content is limited to between 0.015 

so and 0.05%. 

N is added for the purpose of precipitating a carbonitride. such as AIN, to enable austenite grains to be 
refined by heating in the step of induction hardening. When the N content is less than 0.002%, the effect is 
unsatisfactory. On the other hand, when it exceeds 0.020%, the effect is saturated and, rather, the 
toughness deteriorates. For the above reason, the N content is limited to between 0.002 and 0.020%. When 
55 B is added, the addition of N in an amount in the range from 0.002 to 0.010% suffices for attaining the 
effect of N. When B is not added, the N content is preferably in the range from 0.005 to 0.020%. 

P gives rise to intergranular segregation at austenite grain boundaries to lower the grain boundary 
strength, which increases the susceptibility to brittle fracture under torsional stress, so that the strength is 
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lowered. The lowering in strength becomes significant particularly when the P content exceeds 0.015%. For 
the above reason, the upper limit of the P content is 0.015%. 

As with P, Cu also causes intergranular segregation at austenite grain boundaries, which causes a 
lowering in strength. The lowering in strength becomes significant particularly when the Cu content exceeds 
5 0.05%. For the above reason, the upper limit of Cu is 0.05%. 

O causes intergranular segregation and intergranular embrittlement and, at the same time, forms hard 
oxide-based inclusions in a steel to increase the susceptibility to brittle fracture under torsional stress, which 
causes a lowering in strength. The lowering in strength becomes significant particularly when the O content 
exceeds 0.0020%. For the above reason, the upper limit of the O content is 0.0020%. 
70 Ti also combines with N in a steel to form TiN. It is added for the purpose, by taking advantage of this 
effect, ® of refining austenite grains by heating in the step of induction hardening and @ of preventing the 
precipitation of BN by complete fixation of N in a solid solution form, i.e., ensuring that B is in a solid 
solution form. When the Ti content is less than 0.005%, the effect is unsatisfactory. On the other hand, 
when it exceeds 0.05%, the effect is saturated and, rather, the toughness is deteriorated. For the above 
75 reason, the content of Ti is limited to between 0.005 and 0.05%. 

B is added for the purpose of increasing the grain boundary strength by taking advantage of such a 
phenomenon that B segregates in a solid solution form at grain boundaries of austenite to expel impurities 
present at grain boundaries, such as P and Cu. However, when the B content is less than 0.0005%, the 
effect is unsatisfactory. On the other hand, when it exceeds 0.005%, intergranular embrittlement occurs. For 
20 the above reason, the B content is limited to between 0.0005 and 0.005%. 

The present invention provides a steel product for shaft components wherein austenite grains have 
been further refined during high-frequency heating to prevent intergranular fracture, thereby increasing the 
strength. 1Mb and V have the effect of forming carbonitrides in a steel to enable austenite grains to be 
refined by heating in the step of high-frequency heating. However, when the Nb content is less than 0.005% 
25 and the V content is less than 0.03%, the effect is unsatisfactory. On the other hand, when the Nb content 
exceeds 0.10% and the V content exceeds 0.50%, the effect is saturated and, rather, the toughness is 
deteriorated. The Nb content is limited to between 0.005 and 0.1% and the V content is limited to between 
0.03 and 0.5%. 

The present invention provides a steel product for shaft components wherein Ni has been added to 

30 improve the toughness in the vicinity of grain boundaries and prevent brittle fracture, thereby further 
improving the strength. However, when the Ni content is less than 0.1%, the effect is unsatisfactory. On the 
other hand, when it exceeds 3.5%, the toughness is deteriorated. For the above reason, the Ni content is 
limited between 0.1 and 3.5%. 

The present invention provides a steel product for shaft components which additionally has good 

35 machinability. In the steel of the present invention, either or both of Ca and Pb can be incorporated for the 
purpose of improving the machinability. However, when the Ca content is less than 0.0005% and the Pb 
content is less than 0.05%, the effect is unsatisfactory. On the other hand, when the Ca content exceeds 
0.005% and the Pb content exceeds 0.50%, the effect is saturated and, rather, the toughness is 
deteriorated. For the above reasons, the Ca content is limited to between 0.0005 and 0.005% and the Pb is 

40 limited to between 0.05 and 0.5%. 

The present invention, directed to induction-hardened shaft components having excellent torsional 
strength, will now be described. 

The reason why the induction-hardened shaft components according to the present invention have 
chemical compositions described in claims 1 to 6 and the average in-section hardness HVa, as defined 

45 above, is limited to not less than 560 will now be described. The torsional strength of the induction- 
hardened material improves in proportion to the average in-section hardness. In order to provide a torsional 
strength of not less than 160 kgf/mm 2 , the average in-section hardness HVa should be not less than 560. 
When it is less than the above value, the torsional strength becomes unsatisfactory. For the above reason, 
the average in-section hardness HVa is limited to not less than 560. 

so Furthermore, the present invention provides a shaft component wherein austenite grains have been 
further refined in the step of induction heating to prevent intergranular fracture, thereby increasing the 
strength. The reason why the prior-austenite grain size number of the induction-hardened layer in the 
induction-hardened shaft component according to the present invention is limited to not less than 9 is that, if 
the grain size number is less than 9, the effect attained by the refinement at prior-austenite grain 

55 boundaries in the induction-hardened layer, i.e., the effect of preventing the brittle fracture caused by 
intergranular fracture, is small. 

Furthermore, the present invention provides a shaft component wherein a large compression residual 
stress has been applied to the surface of an induction-hardened shaft component to prevent brittle fracture, 
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thereby further increasing the strength. In the present invention, the reason why the residual stress of the 
surface of the induction-hardened shaft component is limited to not more than -80 kgf/mm 2 is that the 
application of the compression residual stress prevents brittle fracture, thereby increasing the torsional 
strength, and this effect becomes significant particularly when the surface residual stress is not more than 
5 -80 kgf/mm 2 . 

For the above reason, in the induction-hardened shaft components of the present invention, the 
induction hardening conditions and tempering conditions are not particularly limited, and the induction 
hardening and tempering may be carried out under any conditions so far as the requirements of the present 
invention can be satisfied. Further, the tempering may be omitted if the requirements of the present 

io invention are satisfied. Furthermore, in the present invention, heat treatments, such as normalizing, 
annealing, spheroidizing and hardening(quenching)-tempering may be, if necessary, carried out prior to the 
induction hardening so far as the requirements of the present invention can be satisfied. When normalizing, 
annealing and spheroidizing are not carried out prior to induction hardening, the production of the product 
by hot-rolling a material for a steel product is preferably carried out at a finishing temperature of 700 to 

75 850 °C and an average cooling rate of b.05 to 0.7'C/sec, in the temperature range of 700 to 500 °C, after 
finish rolling. 

In the induction-hardened shaft component of the present invention, the application of a compression 
residual stress can be effectively carried out by a hard shot peening treatment after induction hardening and 
tempering, which treatment is carried out at an intensity of not less than 1.0 mmA in terms of arc height. 
20 Here the arc height is a measure of the intensity of the shot peening as described in, for example, "Jidosha 
Gijutsu (Automotive Engineering)," Vol. 41, No. 7, 1987, pp.726-727. n In the present invention, however, the 
conditions for the application of the compression residual stress are not particularly limited, and any 
conditions may be used so far as the requirements of the present invention can be satisfied. 

The effect of the present invention will now be described in more detail with reference to the following 
25 example. 

EXAMPLE 

Steel products having respective compositions specified in Table 1 were rolled into 26 mm0 rod steels. 

30 A drilling test specimen for the evaluation of machinability, a torsional test specimen and a specimen for the 
evaluation of susceptibility to quench crack were obtained from the rod steels. The machinability was 
evaluated as follows. The peripheral speed of a drill (material: SKH51-1Omm0) was varied with the feed rate 
being kept at 0.33 mm/sec. The total hole depth which causes the specimen to be undrillable any longer 
was measured for each speed. A peripheral speed vs. drill service life curve was prepared, and the 

35 maximum speed which provided a drill service life of 1000 mm was specified as V L100 o and used as the 
evaluation standard. The evaluation results of V L10 oo are a'so summarized in Table 1. From Table 1, it is 
apparent that excellent machinability could be obtained for the steels of the present invention containing 
elements capable of improving the machinability. 

Shaft components contemplated in the present invention have a stress concentrator ( = notch), such as 

40 a spline, and breaking occurs from the notch. For this reason, the evaluation of the strength should be 
carried out for notched materials. Accordingly, a notched torsional test specimen having a 16 mm0 parallel 
portion and, in its center portion, a notch having a tip R of 0.25 mm and a depth of 2 mm was used as a 
test specimen for the evaluation of torsional strength. The test specimen was subjected to induction 
hardening under conditions of A and B specified in Table 2 and then tempered at 170 D C for one hr. The 

45 above samples were subjected to a torsional test. After the induction hardening and tempering, some 
samples were subjected to a shot peening treatment under conditions of 1.1-1.5 mmA in terms of arc 
height. 

Further, in order to evaluate the susceptibility to quench crack, a test specimen having a diameter of 24 
mm0 and a length of 200 mm and longitudinally provided with a notch having a tip R of 0.25 mm and a 
50 depth of 3 mm was subjected to induction hardening under conditions of C specified in Table 2, and 
observation was made on whether quench crack was present at the bottom of the notch. 

In Table 1, steel Nos. 1 to 4, 12 to 17 and 21 to 38 are steels of the present invention, and steel Nos. 4 
to 11, 18 to 20 and 39 to 40 are comparative steels. 

The evaluation results of torsional strength for each steel product, together with the evaluation results of 
55 the ratio of effective hardening depth to radius (t/r), average in-section hardness (HVa), grain size (N-y) of 
old austenite in the induction-hardened layer, surface residual stress and susceptibility to quench crack, are 
summarized in Table 3. The effective hardening depth is measured by a measuring method for induction- 
hardened depth specified in JIS G 0559. 
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As is apparent from Table 3, all the samples of the present invention had an excellent torsional strength 
of not less than 160 kgf/mm 2 and a low susceptibility to quench crack. Further, it is also apparent that, 
among the samples of the present invention, samples having a grain size number of not less than 9 for an 
old austenite in the induction-hardened layer, or a surface residual stress of not more than -80 kgf/mm 2 
could have a higher level of torsional strength. 

By contrast, steel No. 4 as a comparative example is a sample having an average in-section hardness 
HVa of less than 560 and could not attain a torsional strength of not less than 160 kgf/mm 2 . 

For steel Nos. 4, 5. 6, 7 and 8 as comparative examples, at least one of C, Si. Cr, Mo and S contents is 
lower than the content range specified in the present invention, and for steel Nos. 9, 10, 11, 18, 19 and 20 
as comparative examples, at least one of P, Cu, O, Nb. V and Ti is higher than the content range specified 
in the present invention. AH the above comparative materials could not attain a torsional strength of not less 
than 160 kgf/mm 2 . Further, among the comparative steel products, those which had a high carbon content 
and had unsatisfactory strength at the grain boundaries gave rise to quench crack. 
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55 [Industrial Applicability] 

As described above, the present invention can provide steel products, for induction-hardened shaft 
components, having an excellent torsional strength of not less than 160 kgf/mm 2 and freedom from quench 
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crack, and shaft components using the steel products, which renders the present invention very useful from 
the viewpoint of industry. 

Claims 

5 

1. A steel product for an induction-hardened shaft component, characterized by having a chemical 
composition comprising, by weight. 

C: 0.35 to 0.70%, 

Si: more than 0.15 to 2.5%, 
10 Mn: 0.2 to 1.5%, 

Cr: 0.20 to 1.5%, 

Mo: 0.05 to 0.5%. 

S: more than 0.01 to 0.15%, 

Al: 0.015 to, 0.05%, and 
75 N: 0.002 to 0.020%, 

and further comprising P, Cu and O in respective contents limited to 

P: not more than 0.015%, 

Cu: not more than 0.05%, and 

O: not more than 0.002%, 
20 with the balance consisting of iron and unavoidable impurities. 

2. The steel product for an induction-hardened shaft component according to claim 1, which further 
comprises one or more members selected from 

Nb: 0.005 to 0.1%, 
25 V: 0.03 to 0.5%. and 

Ti: 0.005 to 0.05%. 

3. A steel product for an induction-hardened shaft component, characterized by having a chemical 
composition comprising, by weight. 

30 C: 0.35 to 0.70%, 

Si: more than 0.15 to 2.5%, 

Mn: 0.2 to less than 0.6%, 

Cr: 0.40 to 1.5%, 

Mo: 0.05 to 0.5%, 
35 S: more than 0.01 to 0.15%. 

Al: 0.015 to 0.05%. 

Ti: 0.005 to 0.05%, 

B: 0.0005 to 0.005%, and 

N: 0.002 to 0.010%, 
40 and further comprising P, Cu and O in respective contents limited to 

P: not more than 0.015%, 

Cu: not more than 0.05%. and 

O: not more than 0.0020%. 
with the balance consisting of iron and unavoidable impurities. 

45 

4. The steel product for an induction-hardened shaft component according to claim 3, which further 
comprises either or both of 

Nb: 0.005 to 0.1% and 
V: 0.03 to 0.5%. 

50 

5. The steel product for an induction-hardened shaft component according to any one of claims 1 to 4, 
which further comprises 

Ni: 0.1 to 3.5%. 

55 6. The steel product for an induction-hardened shaft component according to any one of claims 1 to 5, 
which further comprises either or both of 
Ca: 0.0005 to 0.005% and 
Pb: 0.05 to 0.5%. 
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55 



An induction-hardened shaft component according to any one of claims 1 to 6 f characterized in that, 
regarding the hardness provided by the induction hardening, the average in-section hardness HVa 
defined by the following formula (1) is not less than 560: 
average in-section hardness HVa: 



HVa = < £ HV n xr n >xAr D )x 4 ... (1) 

3. 



wherein, when a section having a radius of a is concentrically divided in a radial direction into N rings, 
HV n is the hardness of the nth ring, r n is the radius of the nth ring and Ar n is the width of the nth ring. 

8. The induction-hardened shaft component according to claim 7, wherein the grain size number of prior- 
austenite in an induction-hardened layer is not less than 9. 

9. The induction-hardened shaft component according to claim 7 or 8, wherein the surface residual stress 
is not more than -80 kgf/mm 2 . 
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Fig.Ka) 
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Fig.Kb) 
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Fig.Kc) 
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Fig. 2 
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Fig.3(c) 
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